ABSTRACT. Distribution patterns of corticotropin-releasing factor (CRF), [arginine 8 ]-vasopressin (AVP) and oxytocin (OXY) neurons were examined immunohistochemically in the female goat hypothalamus. The majority of the CRF immunoreactive (-IR) cells were located in the parvocellular part of the paraventricular nucleus (PVN) with smaller population found in the magnocellular part of the PVN. CRF-IR cells were also found in the suprachiasmatic nucleus, the preoptic area and around the fornix in the caudal part of the hypothalamus. AVP-and OXY-IR cells were similarly distributed in the hypothalamus. The majority of AVP-and OXY-IR cells were observed in the magnocellular part of PVN and the supraoptic nucleus. Smaller numbers of AVP-and OXY-IR cells were found in the parvocellular part of the PVN and lateral hypothalamic area. AVP-IR but not OXY-IR cells were located in the suprachiasmatic nucleus. CRF-IR fibers were concentrated in the external palisade zone of the median eminence (ME) with a few fibers found in the internal palisade zone of the ME, whereas AVP-and OXY-IR fibers were concentrated in the internal palisade zone of the ME with a few fibers found in the external zone. These results support the view that not only CRF but also AVP and OXY are released into the hypophysial portal blood and involved in the control of pituitary endocrine function in ruminant species. -KEY WORDS: [arginine 8 ]-vasopressin, corticotropin-releasing factor, oxytocin, paraventricular hypothalamic nucleus, supraoptic nucleus.
Corticotropin-releasing factor (CRF) is regarded as the major neuropeptide which stimulates adrenocorticotropic hormone (ACTH) release in the hypothalamo-pituitary system [23] . In rats, for example, the distribution of this peptide in the brain is well established [24] . CRF immunoreactive (-IR) cells are located in the paraventricular nucleus (PVN) of the hypothalamus and send their fibers to the median eminence (ME) [23, 24] , which is considered to be the system responsible for regulating the amount of ACTH release from the anterior pituitary. In addition to CRF, recent studies have revealed that AVP and OXY can also stimulate ACTH secretion in rats [1, 2, 9, 23, 24] . These two neuropeptides are similarly distributed in the hypothalamo-pituitary system in some species [5, 11, 12, 14, 19, 22, 28, 29] . Most of neurosecretory AVP and OXY cells are concentrated in the magnocellular part of the PVN and supraoptic nucleus (SON), and the fibers of these neuropeptides are observed in the ME. In the ruminant species, however, although AVP has been suggested to have more potency than CRF to stimulate ACTH secretion both in vivo [4, 6] and in vitro [8] , available information is limited as to the role of CRF, AVP and OXY. Even the distribution pattern of neurons containing these neuropeptides and their fiber-projections in the brain are yet to be clarified. In this study, we therefore examined immunohistochemical localization of CRF, AVP and OXY neurons in the female Shiba goat brain as the first step of immuno-was serially cut into coronal (n=3) or sagittal (n=1) sections at 40 µm on a freezing microtome. All free-floating sections were washed in 0.1 M phosphate buffer (pH 7.4). Four consecutive sections were taken as a group and each section of one group was processed either for CRF, OXY or AVP immunohistochemistry, or for Nissl's staining with cresyl violet.
Free-floating sections were rinsed in 0.1 M phosphate buffered saline containing 0.05% Triton X-100 (PBST), and then incubated in PBST containing 1% normal goat serum overnight to minimize nonspecific staining. After being treated with 0.3% hydrogen peroxidase for 30 min to reduce endogenous peroxidase activity, sections were exposed to the primary antiserum (i475/002 Ab to oCRF, i481/003 Ab to Oxytocin, UCB-Bioproducts S.A., Brusseles, Belgium; RIN 8130 Ab to [Arg 8 ]-vasopressin, Peninsula Laboratories, Inc., Belmont, U.S.A.) at a dilution of 1: 30,000 for CRF, 1: 30,000 for OXY, and 1: 40,000 for AVP, respectively, in 0.1 M PBST for 40 hr at 4°C, and were then treated at room temperature sequentially with a biotinylated goat anti-rabbit IgG (Vector Laboratories, Inc., Burlingame, U.S.A.) for 2 hr, and with the avidin-biotin-horseradish peroxidase complex for 1 hr, using a commercial kit (Vectastain ABC Elite kit, Vector Laboratories, Inc., Burlingame, U.S.A.). Information about the specificity of each antiserum is available from providing companies as follows. The anti-[Arg 8 ]-vasopressin antiserum cross-reacts only partially with [Lys 8 ]-vasopressin (38%) but not with other neuropeptides such as oxytocin, ACTH and LHRH. Likewise the anti-CRF antiserum does not cross-react with other neuropeptides including vasopressin. As for the anti-oxytocin antiserum there is a very weak cross-reaction with vasopressin (actual figure is not available) and no cross-reaction with other known neuropeptides and pituitary hormones. The horseradish peroxidase activity was finally demonstrated using 0.05% 3,3'-diaminobenzidine tetrahydrochloride (Polysciences, Warrington, Pa, U.S.A.) and 0.01% hydrogen peroxidase as the chromogen. All sections were observed under a light microscope with a bright field.
The immunoreactive neurons and fibers were localized by determining three-dimensional stereotaxic coordinates and plotting them on a series of coronal brain maps which were standardized based on the brain atlas for the Shiba goat [31] .
RESULTS

Gross anatomy of PVN and SON in goats:
From the results of the cresyl violet staining, the PVN was identified at 25-29 mm rostral to the IA line in the anterior-posterior direction and could be divided into five subdivisions ( Fig.  1-A, B) . Parvocellular parts located in the medial part of the PVN, and magnocellular parts located in its dorsolateral part, were intermingled, and it was rather difficult to separate them from each other. The anterior and the posterior magnocellular subdivisions were so closely located that the border between them was not recognized clearly, and the medial magnocellular subdivision, which was known in rats, was not found. The dorsal parvocellular subdivision was connected with the medial parvocellular subdivision. The SON was observed at 25-32 mm rostral to the IA line and divided into two parts. The main body of the SON was located at 28-32 mm, whereas the retrochiasmatic subdivision of the SON was located at 25-28 mm (Fig. 1-A, B) . The former appeared near the rostral end of the third ventricle and dilated widely in the lateral direction. In the caudal area where the optic chiasma became separated into optic tracts, the main body of the SON flattered out, and it could be divided into two small parts, namely the dorsolateral part located lateral to the optic tract and the medial part located medial to the optic tract. They were connected by fibers passing just dorsal to the optic tract, and there were a few scattered bipolar cells in this area. In the more caudal area, the medial part became the retrochiasmatic subdivision of the SON.
Immunohistochemical localization of neuropeptides: All the immunoreactivity was observed in the perikarya granularly, but not in the nucleus. The distributions of these three immunoreactive cells and fibers are schematically illustrated in Fig. 2 .
<PVN> In the PVN, the majority of CRF-, AVP-and OXY-IR parvocellular neurons were bipolar in shape, orientating in the dorso-ventral direction, whereas magnocellular neurons were mainly polygonal in type with some branched dendrites (Fig. 3) . The numbers of immunoreactive cells in the PVN are shown in Table 1 (Fig. 4) . In the anterior magnocellular subdivision of the PVN, AVP-and OXY-IR cells were similarly distributed. Both cells consisted of round and polygonal types. In the caudal part of this subdivision, AVP-and OXY-IR cells had long dendritic processes, and the broad band of both fibers, which contained some bipolar immunoreactive cells, extended laterally forming an arch to the ventral cluster of the SON, where the fibers joined the SON axons running medially along the dorsal surface of the optic tract toward the ME. The CRF-IR cells in the parvocellular part of the PVN extended their nerve fibers from the lateral edge of the nucleus to the ME passing around the fornix. The course was similar to the vasopressinergic and oxytocinergic tracts. <SON> In the main body of the SON, a large number of magnocellular AVP-and OXY-IR cells existed, but no CRF-IR cell was observed. The numbers of cells are shown in Table 1 -B. In all the extension of this nucleus, AVP-IR cells were predominant over the OXY-IR cells. In general, AVP-and OXY-IR cells distributed similarly, but small difference was observed in the main body of the SON at the level of 29.8 mm rostral to the IA line, where AVP-IR cells existed in the ventral part of the main body of SON whereas OXY-IR cells in its dorsolateral part (Fig. 5) . However, the border of the two parts was not clear and the both cells were intermingled.
<ME> The CRF-IR fibers were concentrated in the ME. The majority of the fibers were found in the external palisade zone with a few in the internal palisade zone, and in the external palisade zone many axon terminals were observed (Fig. 6A) . AVP-and OXY-IR fibers were also observed in the ME, and the fibers in the internal palisade of the ME were tightly extended into the posterior pituitary, whereas some terminals of both neurons were observed in the external palisade (Fig. 6B, C) .
<Other regions> CRF-IR cells were scattered in the suprachiasmatic nucleus (SCN), preoptic area (POA) and around the fornix at the level of 22 mm rostral to the IA line. A few AVP-and OXY-IR cells were observed in the lateral hypothalamic area (LHA). AVP-IR cells, but not OXY-IR cells, were located in the SCN. There were some CRF-IR fibers observed in the medial preoptic area (MPOA) and near the bed nucleus of stria terminalis (BNST). AVPand OXY-IR fibers were observed in the lateral septal area and around the anterior commissure. Generally, CRF-IR cells and fibers were scattered more widely in the hypothalamus than those of AVP and OXY.
DISCUSSION
In the present study, the localization of immunoreactive cells to CRF, AVP, and OXY were examined in the hypothalamus of the mature female Shiba goat. The overall distribution pattern of these neuropeptides were generally consistent with those reported previously in other mammals [5, 11, 12, 22, 24, 29] . The majority of CRF-IR cells were found in the parvocellular part of the PVN, and those of AVP-and OXY-IR cell bodies in the magnocellular parts of the PVN and SON, from which fibers were projected massively to the ME. These results further support the view that all these three neuropeptides would be involved in the regulation of ACTH secretion from the anterior pituitary lobe in ruminant species [4, 6] .
In the PVN, the densest cluster of CRF-IR cells was centered in the medial parvocellular subdivision and it seemed to give rise to most of the fibers projecting to the external palisade of the ME. The densest cluster of AVPand OXY-IR cells was observed in the posterior and anterior magnocellular subdivisions of the PVN, which appeared to subdivision of it, OXY-IR cells were located in the dorsolateral and ventrolateral parts of the subdivision, whereas AVP-IR cells were located in the central part of the subdivision as surrounded by the OXY-IR cells (Fig. 4) . This is in agreement with the observations in rats [27] . In contrast, in rabbits [16] , guinea pigs [21] and cats [5] , AVPand OXY-IR cells are concentrated in the lateral part and in the medial part of the nucleus, respectively. In monkeys [11] , AVP-IR cells are distributed more ventrally and medially than OXY-IR cells. In the humans [7] , there is no apparent difference in the distribution of the two cell types in the PVN. The functional significance of these species specific patterns is not known.
As to the SON, the majority of AVP-IR cells were found in the ventral part of the SON, as previously reported in cats [5, 14] . On the other hand, OXY-IR cells mostly occurred in the dorsal part of the SON. As in cats [5] and rabbits [16] , AVP-IR cells were mainly located in the rostral part of the SON while OXY-IR cells in the caudal part.
In the ME, highly dense terminals of CRF-IR fibers were observed in the external palisade zone, which is supposed to regulate ACTH secretion. A few CRF-IR fibers were also observed in the internal palisade zone. On the other hand, AVP-and OXY-IR fibers were mainly observed in the internal palisade zone of the ME, which are thought to be extended into the posterior pituitary lobe as reported in rats [23] . Additionally, a few immunoreactive axon terminals were found in the external palisade zone, which seemed to be involved in the neurohemal regulation of the anterior pituitary lobe. These observations favor the view that CRF, AVP and OXY are all involved in the control of ACTH secretion from the anterior pituitary lobe in goats. project their fibers to the ME. This is in accordance with those reported in other mammals [5, 7, 11, 12, 14-16, 18, 20-24, 29] . In this study, AVP-and OXY-IR cells were similarly distributed in the anterior magnocellular subdivision of the PVN. In its posterior magnocellular
In other regions of the hypothalamus, CRF-IR cells were observed in the SCN, POA, and around the fornix at the level of 22 mm rostral to the IA line, which agreed with the results obtained in rats [24] . AVP-and OXY-IR cells were scattered in the LHA, and AVP-IR cells were also found in the SCN, as observed in some species [14, 16, 20] . In the sagittal view, some AVP-and OXY-IR cells and fibers were found in the area between the PVN and the SON. Thus these neurons appeared not only to extend their fibers into the ME but also connect each other by fibers. In rats, some vasopressinergic neurons in the SON are shown to project their fibers to the PVN [17] . The functional relationship between the two nuclei possessing both AVP and OXY neurons is yet to be elucidated. 
